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(54)Title: METHOD AND APPARATUS FOR CONTROLLING MAGNETIC PARTICLES BY PIPETTING MACHINE 
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(57) Abstract 

A method and apparatus for controlling magnetic particles by a pipetting machine to carry out 
a pipetting processing for the collection of magnetic particles, their separation from a liquid, 
re-suspension by suspension with high accuracy, high sensitivity and high reliability. A separation 
region, where a magnetic field acts, is disposed inside a liquid passage connecting a distal end 
portion to a reservoir portion. When a liquid suspending the magnetic particles is allowed to pass 
through this separation region of a pipette portion for sucking or discharging the liquid, the magnetic 
field is applied to the separation region through the side surface of the liquid flow passage so that the 
magnetic particles are attracted to the inner side surface of the liquid flow passage and can be 
separated from the liquid. 
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. la 1 1 © r 7 J ~ r 1 4 J *-e©i@g©^i&i^ra^ rcj Ufc 
*>©T*So cn'=.©A, B, C©:'ct ${i^^a*i^|ge*j(ci{ift 

15 LfcTi^soX. ZOm^iZlt^ BTjEiC®. A+B + C^t„.„ SO' 
St:®. t = nxt„,„ <^ffil.^T-r> + a«^~i/3 >©BfK ta>.„ X 

fi»J;i{df> A©^i&ll#ra7ii^' 8 3 B ©^iftH^ Kt&M 0 1 ^l^. C© 

-->3 >©l^ra7&Nt.. A, B, C©||i&l^K<^3*^-r6J:-5{::LT 
25 t>av>o 

rsAj . rsBj . rscj i±. 4'Ma©f&^-^^{j- 
. tbj . rcj ^z^T^mX'£>^ ft ^U^m^ma^fzibK^ ^^<d 

ma©'^®(cfTt>n§i^iSi©^j*©/-cfe(cje^^/j:i^ia-e*>oT. m 
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^ TAJ . TBj . ^Ci (DWm^fO hm^m<wt^^tix\,^6o 
j&izn^it^ TAJ . tbj . rcj ©Bt^fifiia rsAj . rs 

5 ^(Dj^ommtLxits m:nt^ m—n (hole) iz2mm(D 
m,m ^m,mi. ^m2] ^^^u, ^^©s-^j^^itsctom/T^ 

^t^^ t oit^-e^So 8 0 %(Dm.^m^\ Lnoo 2 0 

^ns^m©'ttS, 5^t4f*:fiT-2©«?^1t©gii$^{cJ:<9ii 
^tf^y h^^y :/P©itei^SB^ 1 1 ) xnr> C 1 1 LTV^ 
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5 tt^^o 

10 . 4 iSo ^ y X;i/N(r^if$n/c^a^^ffl 

20 (^ol^T^^?ig■rc tClck-oT. 4^f*cD^^M^l[^^c: tTi^-e^ 
^fe^*-«ffil^CM < At) c tri:, hf- y r/Po^i- liters T&^c^lt 4 

^/•c. >1J-£Dftb®fiJffl t UT. 2 3 {cms 
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tix^m^^fc-r:i tfj-^+^'f'Wi^n^o zti^m±-r^tc!6iz^ 
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^ -r ^ ^ G) 1^ * ^ CZ> g ^ iS f o 

20 1 2txtf<$>f:). ^mm<Dp^^. m.m(Dmm. -fiis. 
®»^ iifcg. ^ > + a^-'>3 >cDB#ra. ©^©wiiR. mwmm. 
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f So 

ir^tmmy<^->mmu^ 8 Bit. fiiB«?^*S«(c«-^iNT. 

-e l/T> y h 2 9 35:CK/X{iX-r- -J B 2 CD^t|j(C cfc 0 

15 . iS:i:©t:*^>;. hf-';':/P^ffll>T. :^«:^f^gU2 7 ©p^r^O^i^^ 
WS§*> ^'£>^»CD|| 1 Ucn<S::^7- h U y 2 5 

m^. ±mh'^^y h^^yzfpxmiomiym^i • ^m^ax (^n-> tr 

y^T) . m^(*SJ[-?-2©^-/j:ffiftJM'&t^^^^^t- -So 

— (Dtj- h U y i^^SI 2 5(4 ^i^) <Dfskm:f}mm(D!^mizm-t 
25 '5i:^;:^"r'y:/SlaCD^l <D^i^lzr>[,^X<D >f > ^ sl^— 3 y 
©I^F^^fiJffl LT. h 2 9 ^X}y^7--=J 3 2 ^^ift^it 

T. ^ 2 cD^^^2^V^ol^TCD^{feCDM©:^7 - h ij i^^^ 2 5 {Co^^T 
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25 ^1^ < iS-^^SIi. h «y t^^^ 2 5 ©m 1 TttlHtirai^nTSf 
^1 1 (c^f J: -5 risifWlilOj ©JgB(ry9r 
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m^BMit. hi^y zfpcD^mmmu i i a 0:)$>^mmm i i 

15 MLtct^. 2^©!^ 3 5t(r^e,n^o § i: Xf" «y :/S 6 ^3 

Kf}^^. m^m^m^\-r^o cot^. ^mm^sMu. if^>y 

20 -eUT^ ^ 1 O^i*:©^ 2 ©-^ 3 V^i^PflJ^^n-So 

m 2 ©^ > + 3 >:6-«^i&^nS i:. 013 (a) iZ^f 

^oiZ^ Wii^Ltc^o iz^ 3$ 3^i^iZ'^\,^X A(Dil!im^ffotziibiZ 
. m(Dtf^'y h^SfXIi^ffi^- 'y h 2 9 <£-^ifr$-tt§o 
25 -eUT> iiB^^-Vtfyr^^j^TL^S^^f*:©^!®^^^^:!/^- 

T. m2^^*(Col^Tll2©^' >;&^pgj&$n-S 
^a^-.;, h 2 9 (il^ 1 ^ii*:©C©^aS(C^^o 

4 1 



wo 97/44671 



PCT/JP96/01333 



^5tl^©i5fc^jK^»K5I -blBtl^ — ©#llTmt4f*:!^^ 2 CD 

^bT, «:/:/S 1 IT, ^^S^7^^tr^M^®AbT. :^ 
:/S 1 1 aT. 1 0 7t(r^i&$-a:, Xv-yZfS l 2 t- 

Pit. hf- y':/m:i^2 4 i^^^^m^w^n^o 

5 CI t /J 5 o 

25 Ma^n7ta^{iaiil^-b;HfB 2 6 (DaiJ^-tr;utr^$n6o -e bT — 
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aol^KSA, SB, S CCt^eoT. ?t!:3^5©5!iScD'^^'&^{c|^|g 

15 m2mmm 

I^c^i&b. :?'P<^^*UT#fllfF||^^f•5^i^^- 
20 y h 6 6^ ^^D^PMT7{>>'_hTi6LT. mm. m^(D±.y t h >©lt 

25 I^SC5m^«:fii:^©^5fc^^fT-5 C t^^-V^ ^ 4 ;B^ms=L- 
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la 1 5 iZTfi-r^o (I. :$:J^g|0iJ(w#-S :^ - h U «y i^^H 6 3 li. 

(Drnmz nzit. m^u. 8<0©yt*'5^i:i-^>nTi>So 

xm:M.MiRLxm^'t ^ c tt<'c^6o tt^^ mo y^cD^t 52© 

o 

h rj y 6 3 lilS^XT^- 6 7 <D^^\J^:Um^Zt^'' 

ifx Am^nizw,n^tix:3pto. wi^mKB Bi}<^^um^~y h 
20 6 5 (DitLmtm^-r^ xo izmm^ti^o 

zcDXo iztf - h ^} i^^n 6 7 ^mm-r^z tx\ ^^m^^ 

h 6 5 ®<&gli8llJ^fflK 5 3;{>^«^^T^i£■r^-Sc: 

6 CD#y X;Krol,NT t):«7- h 'J 'V i^^S 6 3 CDiBg(C}& o 0^ 
25 iZ-f^Z. tiZtl^o t^. iJ-h') y 6 3^^TI^— ^ C®^ 

6 3 (DUmmK 5 3 (DiiHt, ^J'f'M© 2<®©M^ffl7t 5 3 0{4 
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PMT) (i#x.T7^j:i.>. m^x. Mm^z-oi^^xitMimmmomwim 
^f^i^xnoo 

_Lia^aj.-y h 7 8 (Dm^mit. ±^mm(Dwmtmmx$>^ 

ifeBeg$n/ii«;|gg|5 7 2 . -M4^lJ7;?^e>/j:D#^J(cl±mi!(®?^:*^ia 

t>n/c:^- h y 7 5 7&-^ 6 MSEg^ n/i^t|7° U - h 8 1 

i^^l§7 5©#3nj(w*fC&L/yi^fii:^iR^-r'S:gfef*:^||gP7 Atm 
25 {j-tinTV^-So 

^/c, ;^T--i?8 OJiti. iaii^|§ 7 6. 7 7 t&^I^ ♦:^ ^> n T l > § 

^nxfc (9, isii^ii 7 6 ©i^spfri^, h - h^o y r:7^v^(i t:-- 
O'C) OMJK^?^t^SI{Cl1l^-r'5C t;&^-C#So f(!l©^i|^|g7 7 
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10 ^ 4 fl^agM 

tr^iiiprtg''j:x-r- 9 0 C ©Xt^- 9 0 (D if tl 

9 7. SD=^^M^Ju-«y h (PMT) 9 6^1lx.Tl>So 

Jiia^i*:xj=.^;, h 9 7 SC;^3t^M^^^ h 9 6 (Iol^Tli^ 1 © 

*t h U i^^SS 9 i i)< 4 MSSS ^ b - h g 2 

±ie^lliR^3|t 9 5 {i. 0 1 8 (c^-r J: -5 :^<*A'5*ft$!!7&N tj/j 
(5. ^SflK^® 9 5 ©±®lit-;i/ K^n. ^©©IBS^^S^cgB&c 
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^ 5 fl^gg^J 

10 0 19 Tj^m 2 2 {C^o'l^T. ^?^g|0iJ(r^^-5|giS 1 0 0 <Dm>^ 

15 . ^^ng 1 0 0 tzm-t^m^ (DMM'^ff'D c pij:&a / ^ >) i 4 

(Dmm^nomTTim i 4 1 m^^fy- h v 'j?^^mm^M 
^mzmm L^ m^mi^:^f--i^ 1 3 1 (c^i^^n/c*- h >; ^ 
^si 1 5 1 ©Ei^xT^-i? 1 3 1 ©ft»;6(cigi^:^®i^(if^ 

20 -rj- K^^<-:3- Kl^^XlfP 1 1 % xm^M-^xmmr ^ ^ - 
YmMUmU 1 6 6 i:. ^WT'So 

IXSP (OMR) . 7n f-T^^ Xj?, CDROM> iift^fcj:^ 

nmmti^no-:/*} > ^ mmm^m-r ^ Amtiu i 4 2 t-^y 
hmwiomm^'iro hf^^j/ hmmmmn 1 4 3 mmxi^-i^ 1 

3 1 ©^iJSil^fi^ •51111^;^ T-->^MMSU 1 4 4 fltrieiUfexx-'::^ 
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oW-umm^ 1 4 5 ir. mt^p MT <Dmm=^n o PMrmmm i 4 

6 ^W^^o i^. ^2 2 4'. 1 7 2 li. hox 
friEC PUSc;/ ^ U 1 4 0 {i/ :/o ^ 5 A (r J: o 

5 1 izm-r^mw^Hi^tztf- h y i^^ii i 5 i cd -5 -^^^-r-s 

* - K U ':^^f|{ro^^TBtJi2IlI^;^.T■- 1 3 1 ^cD^JK^{E-r 
mmmTr:^!^ 1 7 0 fjIBPMTMfMlSU 1 4 6 LT»t>n/c 

15 mm^^mmir^mm^mi 4 9 A^^sifijc^nTt^So 

CPUJSlC/^^U 1 4 0 {c J: ^)«tfi5c$n/c^lgJt^¥lft 1 7 0 (i. 

4 8 



wo 97/44671 



PCT/JP96/01333 



-i? 1 3 1 izmm-r^^^(zmm-r^. ^^m^tt. mmm^u 1 

4 1 0®®(C^iB-r'^^:«7- h U v;; i^^^g 1 5 1 g ©-^fMgt 

5 mi'fmu. ^mmmizmrsi^^r. mmmm:^r--i? i 3 1 cDjf a 
p 1 1 07&>t» 1 o-r-^^a-rsjgBoi^?- h u s^^s 1 5 1 

10 c © J; -5 (c UT. i£f.^>^j:;^- h 'J «y i^^H i 5 1 OmrieHKx v=- 

ft^fw J;oT^ ^^I5I^XT--i> 1 3 Hi 1 ISIigUT. BfifB^>'-3 
- F^JRSP 1 1 5 li. h >J y 1 5 1 <Dfp^ij>iZiE\,^miz 

15 cn(rJ;oT, fifiSC P USZ>'y ^ ij 1 4 0 ©MS^n" ^J' - 

^^IS: 1 4 8 a<6^BJi^n/c#;^7 - h U «y i^^|§ l 5 1 ilft^n/c 
/<-33- K{rS-oa^T. #liB0ll{cfi. -teS^e^fSo 

'€:©/ii6(l{i. BuEtf^y h^jl^^ 1 o©]gB{iot%T. o$ 0 
25 . 1 ■^©*- h y >'^S&{Col^T©^l^tS7!?<^Tt-'5ST\ Si^>!7 

•Si:. ■r-<T©lig©^2lJiBf ^(i. #lgg©maB#KxJigi![i:/j: 

4 9 



wo 97/44671 



PCT/JP96/01333 



•rie^S*-«>^£ < . tta. iT^Oidf^tjjt/MJgCDidtClLa!!) 

20 ©■e$>^o 
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> «-;«7- h U «y i?^s§#ics'^n' , • I' , (i.j iz-Di^xm^ 

10 8 (i. ^cDcfc -5 UT^ia^N*^ - >^is^-r 
:i[ e © 1^ ^ ^ ^ -r 7= - 3^ ^ ^ .6^ iii -r o 

o 

Mxnt>n^^&<Dmm.(DmT&^mmwmcDmmm<D^m^(Diiiim 
20 (omm^m^^o 

+ :x^-->3 ^OB^^T-^a-lg UT^aa^N'rJ^- ><£.|g;^t-'5o 

(Dmm(^nmm\zmm-t 
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- h i^^fl 3*:/ 3 0 ^ i:-rn{*'5^^fi«JT^ <S^^'^Col^Tl^i 
15 B^-r^o 

mmizi^x^ }kizmi$^mmm:f)<2(D^>^0iskm'^n\^^. ^^{zik 
&.±(oy<y^mmi}mT\^fz^ikiz^ ^mi^i^mx\ a^u/^ipB 

25 oma. /ctx.{±\ Sfe^Xfg I ©^-^{Cli. JIB E© 4 

c©cl;o{cLT. Mffi^N*^- >|ft:^^iS: 1 4 8 {i. m^^tifcm 

- xrtjgoT. ffiaiUi^XT-- i^^fJ^SB 14 4. tf^ .y h ^ 
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'^su 1 4 3. puTum^ 1 4 6sc;iiM«»j^su 1 4 5 izmm^m 

10 A. <^ ^-DNA. RNA. m-R N A ^ /^{iy 5 :^ $ K^CD^Jg 
MfCja^^/jTr^f V h-:/, g^m, Yk^l63fe. m^t^^. ^^fk^ig 

S 3 



wo 97/44671 



PCT/JP96/01333 



II ^ (D £i BB 

^mMm<Dif^mizmtiifzmmx'$>^z t^i^mt-r^mmco 
mm 1 mwtcD^^miz ^ zmmiin:^(DmmyDmo 

15 izM^W^lifSimtjmi^Piiz^tti^ J;: o <r|Se^,nTl>^ c 

20 ?®:^j*o 

5. e^^y vuomu^mm^u\zm^{^n^(D^m^u^tL 
xmm'^mi3^mt^nx\,^^^\,z vu\^\zm^\^ti^^ 

25 la 1 7!J5E4©l^■rn7i^{-fe«^©^amlIcfc6a^4^^:^i■pcD^J^® 
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8. ^ai^oibbb 1 7bm 7 (Di^-rtifj^izmm^ntzyjmz^o mm 
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o^m. -©it. fi^m. mm. mm. mmmL<\tmmiz^;hm 
mo^mmomi'f^i^^^tsm^smn^x:)]^ (s i o o . 

5 mm^^^-m^im^i^im^f^m L (s i o i ) . mm^ntzm^ 

-y^ik^i' (s 1 0 2) . m^^mmxunf^^mmwuzM 

-5 (S 1 0 3 ) C i:^#ifei:-r^lt?}^CDi5ffl 1 7!)S 1 1 ©In 

<:/ (c ^ ^ii^iii^ 1^ (cii^fip m si?-? 23: $ n 43- SI ^ w-r -s 

20 14. ^m^. stfasp. mm^m^:^a^nmM^^Mmm^. ^ 
v^{zmmmMmmizmmi'?m:b<Ri^:^n^^mm^^^m-r^ 

25 ^o:)if\^mmt-^ihmmi'^m^Ri$btfzit^.<fzist>izmmm(Dm 
m^nommmmmmmt. ^^^^umo^miz^m-t^^^ 
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i^ii^gii. M © itr IB j^iSiES-^ojaji^ St r^©)®i!,^/c{i?^ 

mmw.b^ ^n^m'^m^WLm^\.zm:mm^-^-^^m^mm^ 

"^•t^^mmzj^^mm^^n^cDmmmwio 
25 4'^^-^i5b^^^^. f^-y huo^mmm{zi&^x'fi6m^ 

(Dmmi sjbmi 7 oi^-rM^iztm^ntc^mmiz^^hmi^ 
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1 9. fi»t4^i^^!H®}K^B6*j<^w®^s-^^tts i^mmizdi^w 

15 o^m. itm. mm. mm. mm. mm^L<itmmmiz^^ 
mmniZi!^^mt£mmi^^=^mm-t ^m7F\*inmm^&i (201 

2 0 2 ) fiie^a^X{iBiilB^ll^^^g{i*f 5*^^ 

(2 0 3) t^m-r^zt^^mt-r^m 

25 Wf-cDUm^Mio 
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15 2 6. mmmi^^^-r ^m^^^m^. mmmuiz^^^ mmm 

^ n ^ a lil { C J; -5 a 14 «a ^ ® $i| sii ^ E o 

o 

2 8. filr^m<*:{rolxT. ^J-Wi, set, Sfe^^©#iSST- 
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[1 9 9 6^Fi 0^ 2 8 e (2 8. 1 0. 9 6) mm^mm^m : mm^if}<Dm^<D^w 

1 - 3 0{ifrLv^m^j^:(75^Ela 1 - 3 6 I^S$m;te.tU7t„ (9M) ] 

m ^ (D m m 

mm:&a^mn{^u^mommizm'r^mm. iss^L<{iiR^ 

wm. mm. mm. mm^b<itmmiz^:s>mm(D:Hm 
mcDmi^^^^^h^mTT^^m^AtiL (s i o o . xti^n 
t^mtmTjkmmxit^m^titzmnizmrsi^^x. mmmmziii^ 
mtimTT^if^m^mmL (s i o i ) . mm^tifcm^\*i^izm 

(s 1 0 2) . m^^mmxit^nmmmwiiznL. 
^^^^^M^m^<^~yiz&':si^xmmmn(Dm7jk^n-7 cs 
10 8) ^t^nmfr^^mmizji^mi^miL^comm:^^ 

o 

20 2. if^y ^'^^^mz^nmi^Uizm^i^^n.^co^m^^m t L 

^^^<^Mi^i^mizB:^:^ti6zt^i^mtr^m^(Dmm i 
^^^^^ ntz^mmiz ^ ^mi^wn.'T-<Dmm:fj^o 

M-e^s^gi i^^mt ?>mm{zts\,^xmnmiL^^mmt ^ ^ 
■oizmmir:s>zt'^>wmt'r?>m^(Dmm i xit2(z^m^n 
^^^mWiiz^^Bmmi^n^ommyjmo 
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10 ^5 d t^mmtir6m^(Dmm 1 7!jM5 (Dv>-rn;&^{cffiife$ 

. 2m±©y X;U{c#t'^'j. hf^.ytT'^iglf Ufc^>^{C{d:, m' 

^©isffl 1 7!j^ 7 (D\,^-rM^(zm,m<D:^m^mmizrft£ o 
Kpmt^z t^m^h-r ^m>!^omm i Tim. i (D\,^-rnt^\,z 

9. (s 1 0 1) (Dwmm7T^p^m(Dm^n\t. xii^titznm 
1 0. iss (s 1 0 2) ©l^rie^i^ts^^*i'->cD^^^{i, m^^n 
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A;^> m^^h < it&mb^ ®/h©>r > + 3 >Bf ^ t 

10 tit^ M/b-f B yu^K t„.„ cD^l^lg (n) t4- 

^^WLt-t ^m^(Dmm i 7!jm i o ©v^-rnA^(ii2ife$n/i:^5' 

12. ^{l^WLX\t^W^nWitm^<D^^{Z\t^ lX{t2]>k±.(D 

13. iiS (S 1 0 3) ©flia^2!ill^ff©t&^{i, ^w^m.xh 
■rn t le m ^ n ^ ^ lis ( c i; § m 14 <*: ^ CD gu ^ 
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^a^tc • Rtmo^if. las, i^ra, migi, it 

fR^A:^-^ ^l&^1tfgA:^j¥IS: (200) A^^j^n/^MIS 
^I^^PIif#^l9: (2 0 1) j5?*if ^n/cm^F^^tc^-dl^NT 

(2 0 2) i:. i«ia^3-5*«i{r*f ^^^n/c^i^^giii/s' 
20 ^gg: ( 2 0 3) ^^w-r^^ t^^^ir-r^^aiic J;-5m^ 

atofBiiB 1 4 iz^wt.^titz^mmiz^^mm^n'T-opmmM: 
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^" n t!? N ( c IS Ife $ n /c a c J: <S a ?4 ^ © $(J iSl ^ fi , 

(w^Jia-r^ c t^#i^i:-r^iS5fc©iaia 1 47^311 9©(,^rn 

{CiSfc S n fc ^ a {let ^ att f4 ^ © M IliJ ^ jg^ 
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{ c J: 6 m 14 m -T- © ^ij Si ^ e o 

lt^®IBffl 1 4 7!;M2 1 Ol^-rn*MCie«fe$ J: 

10 2 3. itriaa^iigigi&^iiti. a:&t^^(4:t^^l^cig^l!iffl 

o 

20 Wit-r ^m^<Dmm i 4 t^jm 2 4 ©^^■rn7;)^(ciei56^nfw^a 

25 

2 7. Rlr^^^^4:|::o^^T. ^{H. SJS. ^^^o^S-iggT? 

^(Dmm 1 47!jM2 ^oi^^-TM-^izmn^nfc^mmiz^ii^m 
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10 3 0. m$mmy^^-ym^^mit. ^M^titcmuizMox^ 
mu(D^9mmwm. ^muiz^tn^^mmoisiimf^mxit 

15 titz^mmiz J: ^m^^ii^^ommmMo 

20 m \ 4 7bmz o(o\.^-rM-^izmm:^nfz^i^mz^:i,m^i^iiiL 

"pfrm^^iz^m-r^mmmm'^mmmrfm^L^ itinim^o^ 
mizn^mmmxit'=i'fi&m(Dmm(Dnz^nvmmm • ^mm 

^ntc^d-mmiz^^mmmsL^commmwio 
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